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PREFACE

The study described in this report was sponsored by the Office,
Chief of Engineers (OCE), US Army, under the Environmental and Water
Quality Operational Studies (EWQOS) Program, Work Unit VA, Environmental
Impact of Selected Chamnel Alignment and Bank Revetment Altermatives in
Waterways. The EWQOS Program has been assigned to the US Army Engineer
Waterways Experiment Station (WES) under the direction of the Environ-
mental Laboratory (EL). The OCE Technical Monitors for EWQOS were
Mr. Earl Eiker, Dr. John Bushman, and Mr. James L. Gottesman.
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CONVERSION FACTORS, US CUSTOMARY TO METRIC (SI)

UNITS OF MEASUREMENT

US customary units of measurement used in this report can be converted

to metric (SI) units as follows:

Multiply By
acres 4046.873
cubic feet per second 0.02831685
feet 0.3048
feet per second 0.3048
inches 25.4
miles (US statute)} 1.609347

To Obtain

square metres

cubic metres per second
metres

metres per second
millimetres

kilometres



BTOTA OF SELECTED AQUATIC HABITATS OF THE McCLELLAN-KERR
ARKANSAS RIVER NAVIGATION SYSTEM

PART I: INTRODUCTION

1. The basic objective of the Environmental and Water Quality
Operational Studies (EWQOS) Program is to provide new or improved tech-
nology for the planning, design, construction, and operation of Corps of
Engineers (CE) projects in an effort to solve selected environmental
quality problems. One major problem area identified by CE field offices
as being of high priority involves the environmental impacts of project
activities on waterways (Keeley et al. 1978). Specifically, it was
determined that EWQOS research should develop field office guidance to
address environmental features of dikes and revetments because such
structures are integral parts of waterways in many parts of the United
States. ‘

2. This study, on a portion of the McClellan-Kerr Arkansas River
Navigation System, was designed to assess the biota of various aquatic
habitats, including dikes and revetments, utilizing methodologies devel-
oped during the early phase of the EWQOS Program, and to determine if the
ecological relationships found on the Lower Mississippi River also occur
in other river systems where navigation structures are common. Previous
EWQOS studies addressing these concerns have been performed on the Lower
Mississippi River {(Pennington et al. 1980; Mathis et al. 1981; Beckett
et al. 1983; Conner, Pennington, and Bosley 1983; Pennington, Baker, and
Bond 1983), the Missouri River (Burress, Krieger, and Pennington 1982),
and the Tennessee-Tombigbee Waterway (Pennington et al. 1981). Smaller-
scale studies investigating particular aspects of CE project features
include Mathis, Bingham, and Sanders (1982} and Bingham, Cobb, and Magoun
(1980).



PART II: STUDY AREA

General Description

3. The 1450-mile*-long Arkansas River has its source on the east-
ern slopes of the Rocky Mountains in Colorado and runs generally south-
eastward to meet the Mississippi River in Desha County, Arkansas. Prior
to construction of the McClellan-Kerr Arkansas River Navigation System,
begun in 1957 and completed in 1970, the river flowed in a wide, shallow,
braided, and variable channel. The river was charged with sediment and
provided for little navigation beyond the lower few miles. Since comple-
tion of the navigation system, the river has been stabilized in its
course, erosion and turbidity have been greatly reduced, and a minimum-
size navigation channel has been available on a year-round basis.

4. The Arkansas portion of the navigation system consists of
12 lock and dam complexes. The two dams farthest upstream impound Lakes
Dardanelle and Ozark (10,000 to 36,000 surface acres); the remaining dams
impound little more than the original river channel. The channel in this
portion has been stabilized to a minimum 250-ft width and 9-ft depth by a
series of dikes, revetments, and cutoffs, in addition to the dams.

5. The area selected for sampling was located between navigation
miles 89-102 within Pool 5 of the Arkansas portion of the navigation
system (Figure 1). Pool 5 was chosen because it contained representa-
tives of all the habitat types of interest. The water-surface slope and
elevation in this reach of the river are controlled by the dams to main-
tain year-round navigable depths within each pool. Control of the river
by these dams produces changes in the aquatic habitats as a functiom of
both discharge and location.

6. During low- and moderate-flow seasons (0-70,000 cfs, July-
January), currents within the pools are usually slack to slowly flowing
(0-2 fps currents in the navigation channel), and surface elevations

(above mean sea level (msl)) of upstream and downstream portions of

* A table of factors for converting US customary units of measurement
to metric (SI) units is presented on page 3.
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individual pools are similar. At higher flows (greater than 70,000 cfs,
February-June), current velocities can range from 2-10 fps and are con-
siderably greater in the upstream portion of each pool. At such times,
water-surface elevations of upstream areas can exceed those in down-
stream portions of the same pool by as much as § to 10 ft (Figure 2}.

7. Above approximately 150,000 cfs, all lock and dam gates are

opened, at which time the river exhibits a nearly uniform surface slope,
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Figure 2. The relationship of surface elevation to discharge

for Pool 5 of the McClellan-Kerr Arkansas River Navigation

System. Acronyms in the upper graph refer to aquatic habitat
types defined in Figure 1



as opposed to the "staircase" situation of low flows (Figure 2). The
increase in surface elevation at moderately high discharges inundates
low portions of upstream habitats and increases aquatic habitat area.
Very little additional habitat is inundated in downstream sections.
Water-current velocities in all habitats are slack at lowest discharges,
but at higher discharges, upstream habitats have generally higher aver-
age current velocities and greater ranges of velocities than downstream

habitats.

Habitats

8. Resulis of earlier CE investigations (Pennington et al. 1980,
1981; Pennington, Baker, and Bond 1983) indicated that several habitats
should be sampled in order to adequately describe the biota of large
river systems. In this study nine sites, representing five habitat
types, were selected for study: two dike fields; two secondary chan-
nels; two natural banks; two revetted banks; and one abandoned channel.
The habitats and specific sites are discussed in detail below.
Dike fields

9. Dike fields on the Arkansas River consist of two or more stone
or stone and pile dikes placed perpendicular to the bank, the areas im-
mediately downstream of these dikes (hereafter called dike field pools),
and the middle bar which forms along the outer ends of the dikes. The
middle bar may be either submerged or emergent. Dikes may he either
straight (spur dikes) or L-shaped (L-head dikes). In the fish portion
of this study, each dike field was divided into three separate subhabi-
tats to facilitate statistical treatment: two individual pools and the
navigation channel edge (river side) of the middle bar, hereafter re-
ferred to simply as the middle bar. Data from each subhabitat were com-
piled and analyzed separately. This separation was not necessary for
the macrobenthos and water quality data sets.

10. Estes Place dike field (DFA). This dike field, at navigation

miles 99.2-101.7 (L),* consisted of three stome and pile dikes (cne

% (L) denotes left descending bank; (R) denotes right descending bank
of the river. .



L-head and two spur), three well-defined dike field pools, and an exten-
sive, emergent middle bar (Figure 1). During June the water overtopped
the dikes and a current of 1-4 fps existed in most areas; no current was
present in-any area (including the main channel) during September. The
substrate of the dike field pools and of the middle bar consisted mostly
of sand with patches of gravel or silt during June, with the exception of
a large area of mud substrate occurring within Pool 1. During September
the middle bar substrate consisted of sand and patches of gravel overlaid
with thin layers of silt in some areas. Pool substrates were predomi-
nantly fine sands and silts, with some areas of mud. Sampling depths in
the pools generally ranged up to 15 ft; however, scour holes up to 35 ft
deep just below the dikes were also sampled. Middle bar depths sampled
ranged up to 15 ft. Pools 1 and 3 were selected for sampling in this
study, because Pool 2 was inaccessible by boat at low flows.

11. Case Bar dike field (DFB). This dike field, located at navi-

gation miles 94.4-96.0 (L), consisted of two long, L-head dikes and
three shorter spur dikes (Figure 1). Pools 1 and 2 were considerably
larger than Pools 3-5, and were the two pocls sampled during the study.
The middle bar extending along the dike field was submerged even at low
flows, except for a small, wooded island bordering part of Pool 1. Dur-
ing June, current speeds ranged from 1 fps along the shoreline to nearly
5 fps along the middle bar; no current was present in September. Sub-
strate composition in all areas was predominantly sand during June and
sand-silt during September. Sampling depths ranged up to 14 ft in most
parts of the pools, but the scour holes that were sampled immediately
downstream of the dikes were 20-35 ft deep. Depths sampled along the
middle bar were 10-20 ft in June and 3-10 ft in September.

Secondary channels

12. Secondary channels are flow paths within a river which are sub-
ordinate to the main channel in flow capacity. A current exists at high
and moderate discharges, but these habitats may become slack at low flows.
The two secondary channels sampled in this study are former river bends
that were cut off to create a shorter navigation route. The upstream

ends are blocked by low stone dikes that allow water to pass through the



secondary channels at high and moderate flows, but divert all water
through the navigation channel during low flows.

13. Case Bar secondary channel (TCC). This habitat extended from

navigation miles 98.6 (L) to 96.0 (L) and was adjacent at the downstream
end to Pool 1 of Case Bar dike field (Figure 1). The sampling area was
restricted to approximately a l-mile~-long area at the downstream end.
Sediments were predominantly sand and silt during June, when current
speeds were from 1-3 fps. During September, slack-water conditions
prevailed and a considerable amount of silt had been deposited. Depths
sampled ranged up to 14 ft.

14. Tar Camp Crossing secondary channel (TCT). The upstream end

of this habitat, at navigation mile 91.3 (L), was separated from the
river at discharges less than 185,000 cfs by a stone dike. The down-
stream end, at navigation mile 89.2, was also partially blocked by a
dike that extended about halfway across the entrance (Figure 1). This
dike was submerged at all flows, however, so that passage by fishes and
recreational craft was not impeded.

15. As with Case Bar secondary channel (FCC), the sampling area
within this habitat was restricted to approximately I mile of the down=-
stream end. A narrow, shallow area (0-3 ft deep) extended down the mid-
dle of this habitat, forming islands in two places (Figure 1), and gently
sloping, shallow areas bordered each bank. Elsewhere, depths were from
5-12 ft. No current was detectable during either sampling period. The
substrate consisted of fine sands and heavy deposits of silt, with some
areas of mud. Fallen brush, trees, and other riparian vegetatioh pro-
vided underwater cover along most of both banks.

Natural and revetted banks

16. Revetted banks are sections of streambanks that have been
armored with stome riprap to prevent erosion. Natural banks are sec-
tions of banks that have not been so stabilized. Revetted banks are
usually graded to a 3H:1V slope before placement of the riprap (Keown
et al. 1977), whereas natural banks often tend to be more nearly verti-
cal and are often relatively deep close to the bank. Sloughing occurs

frequently on natural banks, often resulting in a considerable amount of

10



fallen brush and trees in the water. Few natural banks remain on the
Arkansas River; those selected for sampling in this study are actually
cutoffs that were formed when the two secondary channels were bypassed
for navigation purposes approximately 20 to 25 years ago.

17. Natural banks. Fletchers Cutoff natural bank (NBT), naviga-
tion miles 96.4-98.4 (R), and Brodie Bend natural bank (NBB) (as noted
above, also actually a cutoff), miles 90.3-91.3 (R) (Figure 1), have

steep, sloughing banks and a considerable amount of underwater structure
in the form of fallen trees and brush. Depths along these banks range
from 6-20 ft. Substrates were predominantly sands and clays, with accu-
mulations of silt and leaf litter in backwater areas. Current speeds
ranged from 2-4 fps during June; no current was present in September.
Bank erosion at NBB was so severe that approximately 0.25 mile of the
downstream portion was revetted just prior to the September sampling,
thus eliminating approximately 25 percent of this habitat.

18. Revetted banks. Harris Bend revetment (RVH), navigation

miles 92.8-96.3 (R), and Brodie Bend revetment (RVB), miles 89.4-90.8 (L)

(Figure 1), were constructed of stone riprap placed on banks graded to
approximately a 3H:1V slope. Extensive herbaceous and woody vegetation
has become established on the riprap in many areas; this vegetation is
partly inundated at high-water stages. Substrate consisted entirely of
riprap during June. During September, however, considerable silt and
algae had accumulated on the riprap. Current speeds ranged from 3-5 fps
during June, but no current existed during the September sampling.
Depths sampled ranged from 6-15 ft.

Abandoned channels

19. Abandoned channels are old river courses through which water
no longer flows except at the very highest discharges. They differ from
secondary channels in that they normally are connected to the river only
at the downstream end. The substrate is almost entirely mud, with woody
debris, standing timber, and stumps common to abundant throughout. One
abandoned channel, Harris Bayou (ACH), was selected for this study. This
habitat was confluent with the navigation chanﬁel only at navigation

mile 91.4 (R). A low stone dike was constructed across the entrance at
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this point, but it remained submerged several feet even at low river
stages. The bayou was approximately 1.5 miles long, averaged 75-100 ft
in width, and ranged in depth from 4-8 ft. Considerable standing and
fallen timber was present except in a 20- to 30-ft-wide channel near the
center. Mud was the predominant substrate. Currents averaged 1 fps

in June, indicating that water may have been entering from the river
upstream through a small feeder creek; no current was detectable in

September.

iz



PART III: MATERIALS AND METHODS

Sampling Periods

20. Fish, macroinvertebrate, and water quality samples were col-
lected during a high-discharge period (10-20 June) and a low-discharge
period (15725 September 1982), with one exception. Due to the high June
discharges, rock basket samplers (described below) could not be retrieved
until July. Discharges at Lock and Dam 5, which impounded the study pool,
were 143,000-156,000 cfs during the June sampling and 1000-8700 cfs dur-

ing September.

Transect and Station Desigpation

21. Sampling stations within each habitat were located by super-
imposing a grid system over the habitat and randomly selecting points at
which to set nets, begin electroshocking, take benthic grabs, or monitor
water quality, The grid lines running perpendicular to the shoreline
were identified by lettered markers that were placed alphabetically from
upstream to downstream in each habitat. Sequentially numbered station
lines were located at intervals along, and perpendicular to, these tran-
sect liqes, beginning at the shoreline and extending across the habitat.

22. Intervals between transect and station lines varied with the
- size of the habitats. In the dike fields, lettered transects were situ-
ated at 500-ft intervals along the shoreline. Station line intervals
were 50 ft in Estes Place dike field (DFA) and 200 ft in Case Rar dike
field (DFB). Transect and station lines were located at 1000-ft and
500-ft intervals, respectively, in Case Bar and Tar Camp Crossing second-
ary channels (TCC and TCT). In the abandoned channel (ACH), transects
were separated by 500 ft and stations by 20-50 ft. Transect intervals
were 1000 ft along Brodie Bend natural bank (NBB) and Brodie Bend revet-~
ment (RVB), and 1500 ft along Fletchers Cutoff natural bank (NBT) and
Harris Bend revetment (RVH) (Figure 1) so that the entire length of each
habitat would be sampled. A single station near the shoreline was sam-

pled along each bank habitat transect.

13



Sampling Gears and Procedures

Water quality

23. Hydrolab readings were collected in both early morning and
late afterncon at from 2-4 stations in each habitat on both the first and
last days of each sampling period. Temperature, dissolved oxygen concen-
tration, conductivity, and pH were measured at 1 m below the surface and
0.5 m above the bottom. If the depth exceeded 3 m, an additional set of
readings was collected from middepth. In the scour holes below the
dikes, two intermediate readings were obtained, at one-third and two-
thirds of the way between the surface and the bottom.

Fish

24. Previous studies of gear selectivity have indicated that while
certain gear types might adequately capture specific species or a certain
size range of fish, no single gear is adequate for capturing all sizes of
all species found in large river systems (Starrett and Barnickel 1955,
Funk 1958, Pennington et al. 1980). For this reason, four of the gears
found to be most efficient in larger rivers (Pennington et al. 1980,
1981; Pennington, Baker, and Bond 1983) were selected for use and are
described below. The physical characteristics of each habitat at each
sampling period determined the gear types that could be used. However,
for each gear type, use was standardized across habitats to facilitate
comparisons. Table 1 summarizes the gear use for all habitats and both
sampling periods.

25. Electroshocker. Electroshocking was conducted with a commer-

cially built, 230-V, pulsed DC, boat-mounted boom shocker. Individual
electroshocking samples (runs) were of 6-min duration and covered approx-
imately 1000 linear feet in all habitats except ACH, where electroshock-
ing runs were only 500 ft. Five electroshocking samples were collected
from each habitat or dike field subhabitat.

26. Sampling runs along the river side of the dike field middle
bars, and along natural banks and revetted banks, were made in a down-
stream direction, parallel to the bank or bar. Within dike field pools,

runs were made along the dikes, along the shoreline, and through the
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middle. Secondary channels were sampled along both banks and through the
middle. Electroshocking runs in the abandoned channel were made in the
relatively open center area.

27. Gill nets. Gill nets were 150 ft long by 8 ft deep and con-
sisted of six 25-ft-long by 8-ft-deep panels. Each panel contained nylon
multifilament mesh of a single size, with mesh sizes changing in 0.5-in.
increments from 1 in. at one end of the net to 3.5 in. at the other.

Gill nets were used in the secondary channels, the abandoned channel, and
dike field pools. Nets were set perpendicular to the shoreline in the
secondary channels and dike field pools, but in the abandoned channel
nets were set at a 45-deg angle to the bank so that they could be com-
pletely deployed in this narrow habitat.

28. Gill nets were set for two consecutive 24-hr periods, giving
a total effort of four net-days in each habitat or dike field subhabitat
at each sampling period, with one exception. During June, strong cur-
rents in most areas of the dike field pools limited sampling to the set-
ting of a single net in a single pool of each dike field; therefore, at
this time only two net-days of effort could be made in each dike field.

29. Hoop nets. Five hoop nets were set in each habitat or dike
field subhabitat during each sampling period. Nets were 3 ft in diameter,
with seven fiberglass hoops and l-in.-square-mesh tarred nylon netting
throughout. Hoop nets were set in at least 6 ft of water near each let-
tered marker in the natural and revetted bank habitats, in the abandoned
channel habitat, and along the dike field middle bars. In secondary
channels and dike field pools, hoop nets were set at randomly selected
stations along the lettered marker transect lines. Hoop nets were always
set with the opening facing downstream; nets were held open with bridle
ropes if necessary when no current was present.

30. Nets were set for two consecutive 24-hr periods, giving a
total effort of 10 net-days per habitat or dike field subhabitat per sam-
pling period. Nets lost or twisted, or otherwise judged to be fishing
improperly, were reset for an additional 24-hr period.

31. Seine. A 15-ft-long by 4-ft-deep minnow seine with 1/8-1in.

delta mesh was used to sample shallow areas in the dike fields and
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secondary channels. Five 50-ft hauls were made in each secondary channel
and in both pools of Case Bar dike field (DFB) at each sampling period.
The middle bar of DFB could not be seined at either sampling peried.
Strong flows’during June restricted seining in Estes Place dike field
(DFA) to the middle bar and Pool 2; during September, Pool 1 could also
be seined.

Macroinvertebrates

32. TIdeally, field investigations should use a single sampling
.gear and a single sampling design. The diverse habitat conditions en-
countered within this study precluded such a program, however. Condi-
tions ranged from slack currents and predominantly silt-sand substrates
during low discharges to moderate to strong currents and predominantly
sand substrates during high discharge periods. Therefore, for this
study the decision was made to use the gear and sampling design best
suited to the conditions which existed during each sampling effort and
in each habitat.

33, Grab samplers. Two grab samplers, a Shipek and a petite

ponar, were used to sample macroinvertebrates; two sampling desiguns,
stratified random and systematic, were used to ensure that sampling was
complete. The two dike fields (DFA and DFB) were sampled utilizing a
stratified random design due to the patchy distribution of the various
sediment types in June. Substrates were sampled with benthic grab sam-
plers, and the substrate of each dike field was mapped before benthic
samples were taken. Points within each habitat were then selected for
benthic sampling, with substrates presumed to be more productive being
sampled proportionally more often than their occurrence in the habitat.
34. A systematic transect sampling scheme was utilized in all of
the other habitats, as substrate type was relatively uniform. A ponar
grab was used in low-current, soft, depositional substrates (secondary
channels and dike field pools), while a Shipek grab was used in sampling
areas having moderate to high currents and a sand and gravel or clay sub-
strate (natural banks). In studies performed on the Lower Mississippi
River, Bingham et al. (1982) concluded that the Shipek grab was more

suitable than either the large or petite ponar for use in high-energy
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environments, and that the petite ponar was most suitable for comparative
studies in depositional substrates.

35. Rock baskets. The macroinvertebrate fauna of the dike and

revetment structures was sampled using rock~filled, rectangular wire bas-
kets,'25.4 cm X 25.4 cm X 30.4 cm. These sturdy, inexpensive containers
are constructed of steel-weld wire and are open at the top. The baskets
have sufficient spacing between adjacent support wires (5.1 cm) to allow
tor unimpeded movement of aquatic macroinvertebrates among the rock-
filled container, the surrounding rock substrate, and the water. Open
spacing of the support structure, coupled with the use of representative
(well-sorted) substrate obtained directly from the surface of the d